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VIGILANT SPIRIT CONTROL STATION: A RESEARCH TESTBED FOR MULTI-UAS SUPERVISORY 
CONTROL INTERFACES 
 
Allen J. Rowe 
Kristen K. Liggett, Ph.D. 
Jason E. Davis 
Air Force Research Laboratory 
Wright-Patterson AFB, OH 45433 
 
Since its inception, the unmanned aerial vehicle (UAV) has adapted to military life and has 
subsequently become an integral part of modern day warfare.  Although unmanned, this 
technology remains dependent on human interaction for optimal function.  Bridging the gap 
between rapidly advancing technology and the human, the Vigilant Spirit Control Station (VSCS) 
serves as a multi-faceted facilitator in areas ranging from research to combat missions.  The result, 
consequentially, is an increase in the efficiency of the program by enabling a single operator to 
supervise multiple vehicles. Streamlining technology is tantamount to the program’s success.  
Developed with this in mind, VSCS effectively integrates sophisticated advancements for the 
purpose of strengthening the collaborative relationship between the operator and the UAV, and 
ultimately serves to propel this multi-purpose asset into the next decade. 
 
 Although there have been UAVs in existence since before manned flight, it was during the Vietnam era that 
the use of UAVs as surveillance vehicles significantly emerged (Krock, 2002).  Today, UAVs have become a multi-
purpose asset used by all branches of the military.  In addition, UAVs are being used by state and local governments 
for such tasks as border patrol, search and rescue, forest fire monitoring, disaster response, and air traffic control.  
Commercially, UAVs are being considered for power line inspection, monitoring traffic, and filming in Hollywood 
(Frederick, 2006).  On the military side, UAVs have become an integral part of modern-day warfare.  Typical 
missions include intelligence, surveillance and reconnaissance (ISR), target acquisition, suppression of enemy air 
defenses, and combat missions.  To support this wide variety of missions, UAVs carry many different payloads, 
from various sensors (electro-optical, short-wave infrared, etc.) to a range of armament. 
 
Regardless of the UAV mission, the human interaction with these vehicles is of utmost importance.  True, 
the vehicles are unmanned, but the operations of the vehicles always include a human component, and thus the need 
for a ground control station (GCS).  It is through the interfaces in the GCS that operators perform tasks to ensure 
successful operations.  These tasks include controlling the vehicle, to monitoring the information that the vehicle is 
gathering and transmitting back to the GCS.  Therefore, an important link between the vehicles and the operators are 
the interfaces provided to execute the mission.  The ratio of one operator controlling or supervising one vehicle may 
seem challenging enough, however, due to the high demand of qualified UAV operators (Hoffman & Kamps, 2005), 
current trends are moving toward a single operator supervising multiple vehicles.  This adds to the importance of 
robust interfaces that leverage common components across various vehicles, payloads, and missions.  As the 
services work toward interoperability, the development of a common GCS is one of the first steps (Osborn, 2009).  
Therefore, designing interfaces with a flexible software architecture, a standard way of communicating, a consistent 
look and feel for performing the majority of tasks, and a subset of tailored interfaces to support “specialty tasks” 
(i.e., automated aerial refueling), would facilitate this goal.  The objective of this paper is to describe VSCS – a 
UAV GCS interface testbed.  First, an overview of the VSCS philosophy will be provided, followed by examples of 
its implementation in a number of different programs designed to support various missions. 
 
Vigilant Spirit Control Station Overview 
 
 VSCS originated several years ago with a primary goal of developing graphical user interface (GUI) 
concepts to effectively supervise up to four lethal UAVs.  This thrust in the late 1990’s received attention from the 
Defense Advanced Research Project Agencies (DARPA) Unmanned Combat Air Vehicle (UCAV) program.  A 
Cooperative Research and Development Agreement (CRDA) was quickly established between the Air Force 
Research Laboratory’s (AFRL) Human Effectiveness Directorate and the UCAV program’s prime contractor, 
Boeing.  This relationship helped to pave the way for a series of developments over the next several years that would 
help VSCS gain momentum in the arena of supervisory control of multiple UAVs by a single operator.  During the 
development of such a system to accommodate the diverse missions and vehicle payloads across multiple vehicle 
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platforms, it became apparent that an advanced intuitive user 
interface needed to be developed that provided a single 
common solution.  VSCS was developed as a robust research 
testbed allowing researchers to explore a variety of 
supervisory control interface concepts to aid in addressing 
these issues.  As illustrated in Figure 1, VSCS was designed 
around an open architecture allowing researchers access to 
the development tools needed to concentrate on the variety of 
scenarios concerning effective control and supervision of 
multiple UAVs.  VSCS comprises a multitude of tools to aid 
both the researcher and UAV operator, such as a suite of 
advanced innovative operator interfaces; a simulation 
environment to aid in stimulating a synthetic environment for 
the modeling of various vehicle payloads, sensors, and human factors testing tools; dynamic mission planning  
(DMP) interfaces for interacting with vehicle supervision and control; a robust and flexible software architecture 
that allows for multiple configurations to accommodate diverse missions across a multitude of vehicle platforms; 
and finally the interoperability and communication across these vehicle platforms and the associated GCSs. 
 
Flexible Software Architecture 
 
VSCS has been designed to be used in various types of environments and configurations and for control of 
multiple vehicle platforms. Developed within a research organization, the software is required to support human-
centered experimentation. These tests introduce software requirements for running participants through preplanned 
trials, collecting usage data, and providing mechanisms to display diverse user interface designs on the fly. More 
mature research can include conducting live flight tests, for which the GCS must have an ability to communicate 
with various commercial UAV platforms and also be implemented with concern for potential safety of flight issues. 
Finally, a robust modeling and simulation framework is needed to either drive laboratory-based research or to test 
systems prior to flight test. To meet all of these sometimes conflicting requirements, VSCS has been designed to be 
extremely flexible. 
  
VSCS uses several interrelated mechanisms to achieve its required level of flexibility. The first is a set of 
Extensible Markup Language (XML) based configuration files that, when properly organized, define what VSCS 
refers to as a mission. A mission contains many items that can be configured:  the UAVs under VSCS control and 
the payload and capabilities of those vehicles; pre-flight defined items such as points and areas of interest, real-
world entities to be tracked, and imagery; symbology to be used across GUI elements; and many other settings and 
scenario-specific items. Closely related to a mission is the concept of a display layout, which is an XML-based 
specification of the types of GUI elements on the VSCS display and their sizing and positioning. Additionally, 
VSCS provides numerous extension points that allow for the integration of new GUI components and also various 
types of algorithms and non-graphical functionality. All of these can be loaded by the GCS without modifying any 
core source code, through the use of appropriate mission and display layout files. 
 
The data file-driven nature of VSCS is one way that the software can easily support working with different 
types of UAVs in a variety of scenarios. Depending on the mission and display layout chosen by the operator at 
startup, any number of UAV exercises can be executed, and prosecuted efficiently by equipping the operator with a 
specially adapted interface toolset. Another way that these files are used is to provide an efficient means of 
conducting human-in-the-loop studies. For instance, in preparation for an experiment, a set of missions could be 
created that allow for altering aspects of the battlespace between trials, adjusting components of the GCS display, or 
both. Through the use of a test operator console, the person conducting the study can start and stop trials, effectively 
loading new missions automatically across both VSCS and simulation components, in a sequence that achieves the 
study’s goals. 
 
Interoperability 
 
Another feature of VSCS that opens it up for a wide array of uses is the way that it communicates with 
other systems. The primary interface that will be addressed in this discussion is the one between the GCS and the 
UAV that it is controlling. VSCS has adopted the data link interface defined in NATO Standardization Agreement 
Figure 1.  VSCS Components 
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(STANAG) 4586 for UAV command and control (NATO Standardization Agency, 2008).  This standard states that 
its aim “is to promote interoperability of present and future UAV systems […]”.  The STANAG 4586 aims to define 
a common set of functions that, when implemented on a particular unmanned aerial system (UAS), allow any 
similarly designed UAV GCS to control that asset to a certain degree.  A complete systems architecture is also 
specified that allows for unobtrusive implementation of the standard in a manner that allows each UAV system to 
retain any proprietary or custom communications protocol while still being STANAG-compliant. This is 
accomplished through what is referred to as a Vehicle Specific Module (VSM). 
 
From VSCS’s perspective, all outgoing vehicle command and control and incoming vehicle telemetry and 
status is conducted through the use of applicable STANAG messages. Assuming the vehicle being controlled does 
not natively understand these STANAG messages they must first pass through a VSM. This VSM translates the data 
contained in the STANAG messages into equivalent UAV-specific messages that are then sent to the vehicle for 
uplink commands (or vice-versa for downlink telemetry and status). While the STANAG provides the functions 
necessary for basic interoperability, there can still exist occasion to provide platform-specific extensions to the 
standard for advanced functionality and to alleviate potential safety of flight concerns. For the most part, however, 
VSCS has been able to leverage STANAG 4586 to achieve a high level of interoperability between several types of 
vehicle platforms, both virtual and physical. 
 
The VSCS operator interface incorporates a flexible modular design that can be configured to 
accommodate various mission and payload requirements.  The following sections will cover details regarding the 
core capability interface tools available within VSCS to aid the operator in these functions.  As noted in previous 
discussions, VSCS software architecture provides developers a robust environment for the development of mission 
and payload specific operator interface tools for specific vehicle platforms that lie outside of VSCS core capability.   
 
Mission Management 
 
 Supervisory control of multiple systems requires intuitive 
and robust operator interfaces to effectively perform all mission 
management functions.  To address this need, VSCS includes a suite 
of tools to aid the operator during these missions.  These are 
depicted in the vehicle Alert and Summary tool, a tactical situational 
display (TSD) to provide advanced mapping capability, the 
command and control interfaces, and dynamic mission planning 
(DMP) interfaces.  Figure 2 depicts a typical mission management 
display setup.  A brief description of each of these will be provided.  
For further detailed information, please refer to the VSCS Operator 
Manual (Williams, Feitshans, and Rowe, 2002)  
 
The vehicle Alert and Summary tool provides a quick look assessment of pertinent 
UAV information tailored to the current mission phase (Figure 3).  Each UAV is depicted in a 
dedicated pane providing unique features to aid the operator in quickly distinguishing the 
various UAVs under the operator’s control.  There are four key elements used to provide cues to 
the operator when performing basic mission management functions.  These are color, glyphs, 
IDs, and callsigns.  Color is used throughout the system to uniquely identify each UAV and its 
associated data, such as flight plans, loiter locations, and sensor information.  Glyphs typically 
indicate vehicle platform and provide basic navigation information such as vehicle heading, 
altitude and airspeed.  Each UAV is assigned a unique ID, such as 1, 2, 3, and so forth, and 
compliments the glyph to provide another situation awareness (SA) measure for quickly 
locating a designated UAV.  Finally, a unique vehicle callsign is issued based on the current 
mission and is used in much the same manner as typical manned aircraft missions.  A quick 
crosscheck mechanism is also provided to show basic navigation parameters for all UAVs the 
operator is currently controlling in this mission phase, such as, navigation mode, airspeed, and 
altitude.  This information is shown at the top of the Summary tool and uses many of the key indicators described to 
designate each UAV.  Payload information, such as sensor cameras, weapons, or radar systems is also displayed for 
each UAV.  Various alerting mechanisms are provided in this panel to indicate loss of communications, loss of 
global positioning system (GPS) information, low fuel/battery life, or other mission specific alerts.   
Figure 2.  Mission Management Display 
Figure 3.  Alert & 
Summary Tool 
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beneign or idle periods of time during the mission (Figure 11).  The list of useful tools to aid the operator in multi-
UAV control are constantly being developed and refined by the VSCS team.  Combining the right mix of tools 
during complex and potentially stressful environments are the focus of VSCS.   
 
Summary 
 
The goal of VSCS is to provide the UAV community with a research testbed to continue to push the 
envelop of advanced multi-UAV supervisory control. This is accomplished by providing a robust software 
architecture and interoperability capability.  It has enabled VSCS to be used throughout several research and flight 
test projects. The success of VSCS is evident in the wide spread utilization of this research testbed throughout 
several government sponsored organizations to promote multi-UAV supervisory control across diverse missions to 
provide one common solution.   
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